(19) 



(12) 



Earopifechei 
fatentamt 

European 
Patent Office 

Office curopeen 
dti brevets 



(ID EP 1 404 232 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent 
02.12.2009 Bulletin 2009/49 

(21 ) Application number 02739900.5 

(22) Date of filing: 12.06.2002 



(51) IntCI.: 

A61B WMf* 06 * 1 ' 



A61B S/IS' 200 ^ 1 ' 



(86) International application number: 
PCT/US2002/019054 

(87) international publication number 

WO 2002/100252 (19.12.2002 Gazette 2002/51) 



(54) BLOOD SAMPLING APPARATUS AND METHOD 

GERAT UND VERFAHREN ZUR ENTNAHME VON BLUTPROBEN 
APPAREIL DE PRELEVEMENT SANGUIN ET PROCEDE CONNEXE 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSETR 

Designated Extension States: 
ALLTMKSI 

(30) Priority: 12.06.2001 US 298056 P 

(43) Date of publication of application: 
07.04.2004 Bulletin 2004/15 

(73) Proprietor: Pelikan Technologies Inc. 
Palo Alto, CA 94303 (US) 

(72) Inventors: 

• ALDEN, Don 
Sunnyvale, CA 94087 (US) 

• FREEMAN, Dominique, M. 
La Honda, CA 94020 (US) 



CO 

CM 
CO 
CM 



o 



0. 
UJ 



• LUM.Paul 

Us Altos, CA 94022 (US) 

• DRBAL, Vladimir 
Belmont, CA 94002 (US) 

• TEMPLIN, Catherine, K. 
Portola Valley, CA 94028 (US) 

• BOECKER, Dirk 

Palo Alto, CA 94306 (US) 

(74) Representative: Harris, Ian Richard et al 
D Young & Co 
120 Holborn 
London EC1N 2DY (GB) 



(56) References cited: 
WO-A-00/40150 
US-A-4 637 403 
US-A-5 700 695 
US-A- 6 071 294 



WO-A1-01/00090 
US-A- 5 395 387 
US-A- 5 971 941 
US-A- 6 093 156 



Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent 
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the 
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been 
paid. (Art. 99(1 ) European Patent Convention). 



Printed by Joins. 75001 PARIS (FR) 



1 



EP 1404 232 B1 



2 



Description 

TECHNICAL FIELD 

[0001 ] Biochemical analysis of blood samples is an im- 
portant diagnostic tool for determination of patient status. 
Analysis of a blood sample for glucose level can provide 
a powerful tool for diabetics who require tight control of 
blood glucose levels in an effort to minimize the delete- 
rious long-term effects of the disease. At this time, non- 
invasive blood analysis technology does not provide the 
accuracy and specificity required for clinical testing, so 
that test samples are mainly derived from blood, intersti- 
tial fluid, urine or saliva. Many point of care tests are 
performed directly on capillary whole blood, which is typ- 
ically obtained by making a small incision on a finger 
using a hand-held lancing device. The hand-held lancing 
device usually includes a lancet that is rapidly displaced 
to penetrate the finger, creating a small wound from which 
a blood droplet forms on the surface of the skin after the 
lancet has retracted from the incision. Generally the 
blood droplet is placed on a sample assay strip, and the 
sample assay strip is analyzed using a measurement de- 
vice. 

BACKGROUND ART 

[0002] The process of acquiring and testing a blood 
sample using these conventional devices can be painful 
and often involves numerous steps, the outcome of which 
is to reduce patient compliance with the frequent self test- 
ing regimens required for disease management In ad- 
dition to the pain and the paraphernalia required for self- 
testing, the success rate of obtaining an adequate blood 
sample is not 100%. The success rate can be affected 
by the reproducibility of the lancing technique used (due 
to variation in skin hydration and thickness, calluses, etc.) 
as well as the ability to obtain the blood droplet from the 
incision. Current industry standard lancet and lancing de- 
vices can have as low as a 50% success rate in gener- 
ating a blood sample from the fingertip. The diabetic wish- 
ing to adhere to the optimal 5-6 times a day self testing 
regimen would, in essence, need to lance themselves an 
average of 10 - 12 times just to obtain the blood samples 
required. The more successful lancing devices are, in 
reality, about 80-90% successful. 
[0003] US 6,071 ,294 describes a cartridge for sam- 
pling and analyzing blood from the skin of a patient. The 
cartridge has a cartridge case, a lancet and associated 
with the cartridge case, an analytical region for analyzing 
a property of blood. 

[0004] WO 00/401 50 describes an assembly to be de- 
tachably mounted on a body fluid monitoring system. The 
assembly has a lancet and means for collecting and de- 
tecting a body fluid. A first housing that has a sleeve and 
a second housing that has the body fluid detecting means 
share an opening. 

[0005] What has been needed is-an improved method 



for sampling and analyzing bodily fluid which is seamless 
and cost-efficient resulting in a simplified procedure for 
extraction and analysis of blood samples at the patient's 
side. 

5 

DISCLOSURE OF INVENTION 

[0006] The invention is defined in the claims. 
[0007] Embodiments of the invention allow acquisition 
»o of the blood sample seamlessly, that is, without substan- 
tial contamination from ambient air, such that the blood 
sample may be analyzed accurately for gaseous com- 
ponents such as oxygen and carbon dioxide. 
[0008] Embodiments of the invention have integrated 
15 actuation, lancing, and sample acquisition components, 
which can optionally be miniaturized and/or disposable. 
Sampled blood can be acquired and transported to an 
analysis or storage device without substantial contami- 
nation by ambient air. 
20 [0009] Embodiments of the disposable sample acqui- 
sition module can collect a sample in an integrated fash- 
ion. In the operation of some embodiments, a finger of 
the user is placed on the sampling site, where the finger 
remains throughout the integrated lancing and sample 
25 collection process. 

[0010] In certain embodiments of the invention, in or- 
der to facilitate adequate sample volume for analysis, 
three approaches are described, of which a single ap- 
proach might be used, or any two or all three approaches 
30 may be used in concert. The first approach describes a 
surface treatment of the support material to engender a 
difference in wetting ability. The second describes an ac- 
tive pumping device in addition to capillary forces for 
drawing the blood into the sample reservoir and for dis- 
35 pensing blood from the reservoir to additional sites. The 
third includes the use of a device which compensates for 
an inadequate sample volume in the first sample reser- 
voir by isolating the first sample reservoir and triggering 
a second lancing and acquisition step to fill a second 
40 "back-up"sample reservoir. 

[001 1] One embodiment of the invention is directed to 
a miniature lancing and blood sampling device. Analysis 
of small blood volumes (less than about one milliliter) is 
achieved by the collection and the transportation of the 
45 blood micro sample to sample storage area or analytical 
sites. Sampled blood can be transported reliably and 
without excessive turbulence, cavitation or damage to 
the cellular components. Furthermore, analyte detection 
is achieved via the blood samples reliably reaching and 
50 saturating the appropriate test sites. Embodiments of the 
invention provide techniques for extracting a sample of 
human blood for the measurement of one or more of its 
constituents, such as might be used for routine monitor 7 
ing of a chronic condition such as diabetes mellitus. 
55 [0012] The techniques of embodiments of the present 
invention simplify the extraction and transfer of the blood 
sample, and reduce the inconvenience of the process. 
The techniques can^e-adyantegeously- used in, for ex- 
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ample, blood glucose monitoring as explained above. 

BRIEF DESCRIPTION OF DRAWING 

[0013] The objects, advantages and features of this 
invention will be more readily appreciated from the fol- 
lowing detailed description, when read in conjunction with 
the accompanying drawing, in which: 

Figure 1 illustrates a blood sampling system having 
features of the invention. 

Figure 2A is a cross section view through line A of 
Rgure 2B, which shows some details of a sample 
acquisition module according to embodiments of the 
invention. 

Figure 3 schematically depicts a portion of the sam- 
ple acquisition module illustrating an alternate em- 
bodiment of the sample reservoir. 
Figure 4 depicts a portion of the disposable sample 
acquisition module surrounding the sampling port. 
Figures 5A, 5B,' and 5C show in section view one 
implementation of the lancet driver at three different 
points during the use of the lancet driver. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0014] We hereby refer to U.S. 3,030,059, U.S. 
3,626,929, U.S. 4,360,016, U.S. 4,608,997, U.S. 
4,622,974, U.S. 4,627,445, U.S. 4,637,403, U.S. 
4,648,408, U.S. 4,653,513, U.S. 4,873,993, U.S. 
4,883,068, U.S. 4,895,147, U.S. 4,920,977, U.S. 
5,047,044, U.S. 5,871,494, U.S. 5,971,941 and WO 
97/42882. 

[0015] Further aspects and advantages~o7the inven- 
tion will be setforth in part in the description which follows, 
and in part will be obvious from the description, or may 
become readily apparent through practice of the inven- 
tion. It is to be understood that both the foregoing general 
description and the following detailed description are by 
way of example and explanation only and are not restric- 
tive of the invention, as claimed. 
[0016] "Integrated" as used herein means that two or 
more functions are conducted without intervention by the 
user the "integrated" housing contains the mechanism 
for a plurality of functions, e.g., reproducible lancing, 
blood sample storage, and (optionally) analysis, the com- 
bination of functions occurring as the result a single ini- 
tiating act by the user (i.e. each function does not have 
to be separately initiated). The "initiating act" is an action 
performed by the user which results in a plurality of ac- 
tions (e.g. bipod collection, storage, and analysis) being 
performed by the blood sampling device without further 
action required of the user. In the context of a combined 
lancet driver/sample acquisition module, integrated 
means that actuation of the lancet driver, lancing of the 
skin, arid sample collection and storage all may occur as 
the result of a single simple motion (the initiating act) by 
the user, such as pressing, thedevice against the skin to 



be sampled. In the context of a sample acquisition mod- 
ule which is configured to be disposable and attached to 
a reusable lancet driver during use, integrated means 
that lancing of the skin, sample collection, and sample 

5 storage all may occur as the result of a single simple 
motion by the user, such as pressing the device against 
the skin to be sampled. If a device is "configured to allow 
integrated steps A, B, and C", then steps A, B, and C all 
follow as a result of a single initiating action. "Reproduc- 

io ible" in this context means that the lancing is controlled, 
having adjustable depth, preload force, and (optionally) 
opportunity for multiple lancing to assure a sufficient 
blood sample is obtained. "Preload force" is a measure 
of the amount offeree which must be applied to the skin 

is of the user by the apparatus before triggering the firing 
of the lancet, and "adjustable preload force" allows the 
userto select the amount of preload force, in such a man- 
ner that the selected amount of preload force will be con- 
sistently applied in each successive use of the apparatus 

20 unless the user re-adjusts the preload force setting. 
[0017] "Seamless" as used herein means without sub- 
stantial exposure to contaminating air "seamless sam- 
pling" thus includes obtaining a blood sample, storing the 
sample, and (optionally) subjecting the blood sample to 

2S analysis without substantial contamination from ambient 
air. "Substantially" or "substantial" in this context means 
that the analysis results obtained from the blood sample 
according to the method or using the apparatus de- 
scribed herein do not deviate by more than about 10%, 

so more preferably 5%, from analysis results obtained using 
methods that are conventional in the art for analyzing 
blood samples without contamination from ambient air. 
"Optional" or "optionally" means that the subsequently 
described circumstance may or may not occur, so that 

35 the description includes instances where the circum- 
stance occurs and instances where it does not. For ex- 
ample, if a device optionally contains a feature for ana- 
lyzing a blood sample, this means that the analysis fea- 
ture may or may not be present, and, thus, the description 

40 includes structures wherein a device possesses the anal- 
ysis feature and structures wherein the analysis feature 
is not present. 

[001 8] Testing means" refers to any use, singly or in 
combination, of chemical test reagents and methods, 

45 electrical test circuits and methods, physical test compo- 
nents and methods, optical test components and meth- 
ods, and biological test reagents and methods to yield 
information abouta blood sample. Such methods are well 
known in the art and may be based on teachings of, e.g. 

so Tietz Textbook of Clinical Chemistry, 3d Ed., Sec. V, pp. 
776-78 (Burtis & Ashwood, Eds., W.B. Saunders Com- 
pany, Philadelphia, 1999); U.S. Pat. No. 5,997,817 to 
Chrismore et al. (Dec. 7,1999); U.S. Pat No. 5,059,394 
to Phillips et al. (Oct. 22,1991); U.S. Pat. No. 5,001,054 

55 to Wagner et al. (Mar. 19,1991); and U.S., Pat. No. 
4,392,933 to Nakamura et al. (July 12,1983), as well as 
others. The testing means may include sensors in the 
sample reservoir which test electrochemical properties 
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of the blood, or they may include optical means for sens- 
ing optical properties of the blood (e.g. oxygen saturation 
level), or they may include biochemical reagents (e.g. 
antibodies) to sense properties (e.g. presence of anti- 
gens) of the blood. Said testing means may be present 
at, e.g., a "test site" or an "analytical site." 
[0019] "Lancet" means any sharp member used to 
puncture the skin for the purpose of cutting blood vessels 
and allowing blood to flow to the surface of the skin. The 
lancet has certain parameters such as diameter or width 
to define the cross-sectional area of the member, and 
geometry to define the shape of the distal or front lancing 
end of the member. "Lancet driver" means any means 
for propelling the lancet to puncture the skin. Examples 
of lancets and lancet drivers are well known in the art 
and are described herein with relation to the invention. 

Miniaturized lancing and actuator system 

[0020] Referring to Figure 1 , a blood sampling system 
incorporating a disposable sample acquisition module 
1 00, alancet driver 1 02, and an optional accessory mod- 
ule 1 04 are shown. The optional accessory module com- 
prises a case body 106 having a storage cavity 108 for 
storing sample acquisition modules 100. A cover to this 
cavity has been left out for clarity. The accessory module 
further comprises a chamber 110 for holding the lancet 
driver 102. The lancet driver has a preload adjustment 
knob 1 1 2, by which the trigger point of the lancet driver 
may be adjusted. This insures a reproducible tension on 
the surface of the skin for better control of the depth of 
penetration and blood yield. In one embodiment, the 

_ sample acquisition module 100 is removably attached to 
the lancet driver 102, as shown, so that the sample ac- 
quisition module 100 is disposable and the lancet driver 
102 is reusable. In an alternative embodiment, the sam- 
ple acquisition module and lancet driver are contained 
within a single combined housing, and the combination 
sample acquisition module/lancet driver is disposable. 
The sample acquisition module 100 includes a sampling 
site 114, preferably having a concave depression 116, 
or cradle, to conform to the shape of a user's finger or 
other anatomical feature (not shown). The sampling site 
further includes ah opening 118 located in the concave 
depression. The lancet driver 1 02 is used to fire a lancet 
contained within and guided by the sample acquisition 
module 100 to create an incision on the user's finger 
when the finger is placed on the sampling site 114. In 
one embodiment, the sampling site forms a substantially 
airtight seal at the opening when the skin is firmly pressed 
against the sampling site; the sampling site may addi- 
tionally have a soft, compressible material surrounding 
the. opening to further limit contamination of the blood 
sample by ambient air. "Substantially airtight" in this con- 
text means that only a negligible amount of ambient air 
may leak past the seal under ordinary operating condi- 
tions, the substantially airtight seal allowing the blood to 

w recollected seamless^ " — - 



[0021] Figure 2 shows some details of one embodi- 
ment of the sample acquisition module. Figure 2A is a 
cross section view through line A of Figure 2B. The lancet 
200 is protected in the integrated housing 202 that pro- 

5 vides a cradle 204 for positioning the user's fi nger or other 
body part, a sampling port 206 within the cradle 204, and 
a sample reservoir 208 for collecting the resulting blood 
sample. The lancet 200 is a shaft with a distal end 210 
sharpened to produce the incision with minimal pain. The 

*o lancet 200 further has an enlarged proximal end 21 2 op- 
posite the distal end. Similar lancets are commonly 
known in the art. Rather than being limited to a shaft 
having a sharp end, the lancet may have a variety of 
configurations known in the art, with suitable modifica- 

15 tions being made to the system to accommodate such 
other lancet configurations, such configurations having 
a sharp instrument that exits the sampling port to create 
a wound from which a blood sample may be obtained. 
In the figure, the lancet 200 is slidably disposed within a 

20 lancet guide 214 in the housing 202, and movement of 
the lancet 200 within the lancet guide 21 4 is closely con- 
trolled to reduce lateral motion of the lancet, thereby re- 
ducing the pain of the lance stick. The sample acquisition 
module also includes a return stop 228 which retains the 

25 lancet within the sample acquisition module. The sample 
acquisition module has an attachment site 232 for attach- 
ment to the lancet driver. 

[0022] The sample acquisition module further includes 
a depth selectorallowing the user to select one of several 

30 penetration depth settings. In Figure 2, the depth selector 
is shown as a multi-position thumbwheel 216 having a 
graduated surface. By rotating the thumbwheel 216, the 
user selects which part of the graduated surface contacts 
the enlarged proximal end 21 2 of the lancet to limit the 

35 movement of the lancet 200 within the lancet guide 21 4. 
The thumbwheel is maintained in the selected position 
by a retainer 218 having a protruding, rounded surface 
which engages at least one of several depressions 220 
(e.g.dimples, grooves, or slots) in the thumbwheel 216. 

40 The depressions 220 are spatially aligned to correspond 
with the graduated slope of the thumbwheel 21 6, so that, 
when the thumbwheel 216 is turned, the depth setting is 
selected and maintained by the retainer 218 engaging 
the depression 220 corresponding to the particular depth 

45 setting selected. In alternate embodiments, the retainer 
may be located on the depth selector and the depressions 
corresponding to the depth setting located on the housing 
such that retainer may functionally engage the depres- 
sions. Other similar arrangements for maintaining com- 

50 ponents in alignment are known in the art and may be 
used. In further alternate embodiments, the depth selec- 
tor may take the form of a wedge having a graduated 
slope which contacts the enlarged proximal end of the 
lancet, with the wedge being retained by a groove in the 

55 housing. 

[0023] The sample reservoir208 includes ah elongate, 
rounded chamber 222 within the housing 202 of the sam- 
ple acquisition module. The chamber 222 has a flat or 
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slightly spherical shape, with at least one side of the 
chamber 222 being formed by a smooth polymer, pref- 
erably absent of sharp comers. The sample reservoir 208 
also includes an entrance 224 to the chamber 222, which 
is in fluid communication with the sampling port 206, and 
a vent 226 exiting the chamber. A cover (not shown), 
preferably of clear material such as plastic, positions the 
lancet 200 and closes the chamber 208, forming an op- 
posing side of the chamber 208. In embodiments where 
the cover is clear, the cover may serve as a testing means 
whereby the sample may be analyzed in the reservoir 
via optical sensing techniques operating through the cov- 
er. A clear cover will also aid in determining by inspection 
when the sample reservoir is full of the blood sample. 
[0024] Figure 3 shows a portion of the sample acqui- 
sition module illustrating an alternate embodiment of the 
sample reservoir. The sample reservoir has a chamber 
300 having an entrance 302 joining the chamber 300 to 
a blood transport capillary channel 304; the chamber 300 
also has a vent 306. The chamber has a first side 308 
that has a flat or slightly spherical shape absent of sharp 
comers and is formed by a smooth polymer. An elastc- 
meric diaphragm 310 is attached to the perimeter of the 
chamber 300 and preferably is capable of closely fitting 
to the first side of the chamber 308. To control direction 
of blood flow, the sample reservoir is provided with a first 
check valve 31 2 located at the entrance 302 of the sam- 
ple reservoir and a second check valve 314 leading to 
an exit channel 316 located at the vent 306. Alternately, 
a single check valve (at the location 312) may be present 
controlling both flow into the chamber 300 via the blood 
transport capillary channel 304 and flow out of the cham- 
ber 300 into an optional alternate exit channel 318. The 
sample reservoir has a duct 320 connecting to a source 
of variable pressure facilitating movement of the dia- 
phragm 310. When the diaphragm 310 is flexed away 
from the first side of the chamber 308 (low pressure sup- 
plied from the source via duct 320), the first check valve 
312 is open and the second check valve 314 is closed, 
aspiration of the blood sample into the sample reservoir 
follows. When the diaphragm 31 0 isflexed in the direction 
of the first side of the chamber 308 (high pressure sup- 
plied from the source via duct 320) with the first check 
valve 31 2 closed and the second check valve 314 open, 
the blood is forced out of the chamber 300. The direction 
of movement and actuation speed of the diaphragm 310 
can be controlled by the pressure source, and therefore 
the flow of the sample can be accelerated or decelerated. 
This feature allows not only reduced damage to the blood 
cells but also for the control of the speed by which the 
chamber ZOO is filled. While control of the diaphragm 310 
via pneumatic means is described in this embodiment, 
mechanical means may alternately be used. Essentially, 
this micro diaphragm pump fulfills the aspiration, storage, 
and delivery functions. The diaphragm 310 may be used 
essentially as a pump to facilitate transfer of the blood to 
reach all areas required. Such required areas might be 
- simple sample storage areas further downstream foras- 



saying or for exposing the blood to a chemical sensor or 
othertesting means. Delivery of the blood may be to sites 
within the sample acquisition module or to sites outside 
the sample acquisition module, i.e. a separate analysis 

5 device. In an alternate embodiment, a chemical sensor 
or other testing means is located within the sample ac- 
quisition module, and the blood is delivered to the chem- 
ical sensor or other testing means via a blood transfer 
channel in fluid communication with the sample reservoir. 

10 The components of the sample acquisition module may 
be injection molded and the diaphragm may be fused or 
insertion molded as an integral component. 
[0025] Figure 4 depicts a portion of the disposable 
sample acquisition module surrounding the sampling 

15 port 400, including a portion of the sampling site cradle 
surface 402. The housing of the sample acquisition mod- 
ule includes a primary capillary channel 404 connecting 
the sampling port to the sample reservoir. The primary 
capillary channel 404 includes a primary channel lumenal 

20 surface 406 and a primary channel entrance 408, the 
primary channel entrance 408 opening into the sampling 
port 400. The sample acquisition module may optionally 
include a supplemental capillary channel 410 having a 
supplemental channel lumenal surface 412 and a sup- 

25 plemental channel entrance 41 4, the supplemental chan- 
nel entrance 414 opening into the sampling port 400. The 
primary capillary channel 404 has a greater cross-sec- 
tional area than the supplemental capillary channel 410, 
preferably by at least a factor of two. Thus, the supple- 
so mental capillary channel 41 0 draws fluid faster than the 
primary capillary channel 404. When the first droplet of 
blood is received into the sampling port 400, the majority' 
of this droplet is drawn through the supplemental capillary 
channel 410. However, as the blood continues to flow 

35 from the incision into the sampling port 400, most of this 
blood is drawn through the primary capillary channel 404, 
since the supplemental capillary channel 41 0 is of limited 
capacity and is filled or mostly filled with the first blood 
droplet This dual capillary channel configuration is. par- 

40 ticularly useful in testing where there is a concern with 
contamination of the sample, e.g. with debris from the 
lancet strike or (particularly in the case of blood gas test- 
ing) with air. 

[0026] In order to improve blood droplet flow, some 
45 priming or wicking of the surface with blood is. at times 
necessary to begin the capillary flow process. Portions 
of the surfaces of the sampling port 400 and the primary 
and supplemental (if present) capillary channels 404, 41 0 
are treated to renderthose surfaces hydrophilic. The sur- 
50 face modification may be achieved using mechanical, 
chemical, corona, or plasma treatment. Examples of 
such coatings and methods are marketed by AST Prod- 
ucts (Billerica, MA) and Spire Corporation (Bedford, MA). 
However, a complete blanket treatment of the surface 
55 could prove detrimental by causing blood to indiscrimi- 
nately flow all over the surface and not preferentially 
through the capillary channel(s). This ultimately will result 
- in. losses of blood fluid. The particular surfaces which"" 
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receive the treatment are selected to improve flow of 
blood from an incised finger on the sampling site cradle 
surface 402 through the sampling port 400 and at least 
one of the capillary channels 404, 41 0 to the sample res- 
ervoir. Thus, the treatment process should be masked 
off and limited onlytothe selected surfaces. The masking 
process of selectively modifying the sampling surface 
from hydrophobic to hydrophilic may be done with me- 
chanical masking techniques such as with metal shield- 
ing, deposited dielectric or conductive films, or electrical 
shielding means. In some embodiments, the treated sur- 
faces are limited to one or more of the following: the sur- 
face of the sampling port which lies between the sampling 
site cradle surface and the primary and supplemental 
capillary channel, the surface immediately adjacent to 
the entrances to the primary and/or supplemental capil- 
lary channels 408, 41 4 (both within the sampling port and 
within the capillary channel), and the lumenal surface of 
the primary and/or supplemental capillary channels 406, 
412. The blood upon exiting the incision preferentially 
moves through the sampling port 400 into the supple- 
mentary capillary channel 410 (if present) and into the 
primary capillary channel 404 to the sample reservoir, 
resulting in efficient capture of the blood. Alternatively, 
the substrate material may be selected to be hydrophilic 
or hydrophobic, and a portion of the surface of the sub- 
strate material may be treated for the opposite charac- 
teristic; 

[0027] Still looking at Figure 4, in a preferred embod- 
iment, a membrane 41 6 at the base of the sampling port 
400 is positioned between the retracted sharpened distal 
end of the lancet 418 and the entrance to the capillary 
channels 408, 414. The membrane 416 facilitates the 
blood sample flow through the capillary channels 404, 
410 by restricting the blood from flowing into the area 
418 surrounding the distal end of the lancet 420. The 
blood thus flows preferentially into the sample reservoir. 
In an embodiment, the membrane 41 6 is treated to have 
a hydrophobic characteristic. In another embodiment, the 
membrane 416 is made of polymer-based film 422 that 
has been coated with a silicone-based gel424. For ex- 
ample, the membrane structure may comprise a polymer- 
based film 422 composed of polyethylene terephthalate, 
such as the film sold under the trademark MYLAR. The 
membrane structure may further comprise a thin coating 
of a silicone-based gel 424 such as the gel sold under 
the trademark SYLGARD on at least one surface of the 
film: The usefulness of such a film is its abilityto reseal 
after the lancet has penetrated it without physically af- 
fecting the^ancefs cutting tip and edges: The MYLAR 
film provides structural stability while the thin SYLGARD 
silicone laminate is flexible enough to retain its form and 
close over the hole made in the MYLAR film. Otheramilar 
materials fulfilling the structural stability and flexibility 
roles may be used in the manufacture of the membrane 
in this embodiment. 

[0028] The membrane416operatestoallowthesharp- 
" ened distal end of the lancet 420 to pierce^fie-membrane 



as the sharpened distal end of the lancet 420 travels into 
and through the sampling port 400. In the most preferred 
embodiment, the silicone-based gel 424 of the mem- 
brane 416 automatically seals the cut caused by the 

5 piercing lancet. Therefore, after an incision is made on 
a finger of a user, the blood from the incision is prevented 
from flowing through the membrane 41 6, which aids the 
blood to travel through the primary capillary channel 404 
to accumulate within the sample reservoir. Thus the film 

10 prevents any blood from flowing into the lancet device 
. assembly, and blood contamination and loss into the lan- 
cet device mechanism cavity are prevented. Even with- 
out the resealing layer 424, the hydrophobic membrane 
416 deters the flow of blood across the membrane 416, 

is resulting in improved flow through the primary capillary 
channel 404 and reduced or eliminated flow through the 
pierced membrane 416. 

[0029] Figures 5A, 5B, and 5C illustrate one implemen- 
tation of the lancet driver at three different points during 

20 the use of the lancet driver. In this description of the lancet 
driver, proximal indicates a position relatively close to the 
site of attachment of the sample acquisition module; con- 
versely, distal indicates a position relatively far from the 
site of attachment of the sample acquisition module. The 

25 lancet driver has a driver handle body 500 defining a 
cylindrical well 502 within which is a preload spring 504. 
Proximal to the preload spring 504 is a driver sleeve 506 
which closely fits within and is slidably disposed within 
the well 502. The driver sleeve 506 defines a cylindrical 

30 driver chamber 508 within which is an actuator spring 
510. Proximal to the actuator spring 510 is a plunger 
sleeve 512 which closely fits within and is slidably dis- 
posed within the driver sleeve 506. 
[0030] The driver handle body 500 has a distal end 

35 514 defining a threaded passage 516 into which a 
preload screw 51 8fits. The preload screw defines a coun- 
terbore 520. The preload screw 51 8 has a distal end 522 
attached to a preload adjustment knob 524 and a proxi- 
mal end 526 defining an aperture 528. The driver sleeve 

40 506 has a distal end 530 attached to a catch fitting 532. 
The catch fitting 532 defines a catch hole 534. The driver 
sleeve 506 has a proximal end 536 with a sloped ring 
feature 538 circling the interior surface of the driver 
sleeve's proximal end 536. 

45 [0031] The lancet driver includes a plunger stem 538 
having a proximal end 540 and a distal end 542. At its 
distal end 542, the plunger stem 538 is terminated by an 
enlarged plunger head 544. At its proximal end 540, the 
plunger stem 538 is terminated by an enlarged plunger 

50 base 546.- Aplunger hook 548 istocated on the plunger 
stem 538 between the plunger head 544 and the plunger 
base 546. The plunger base 546 is fixedly attached to 
the plunger sleeve 512, and the plunger head 544 is sl- 
idably disposed within the counterbore 520 defined by 

55 the preload screw 518. The plunger stem 538 extends 
from the plunger head 544, through the aperture 528 de- 
fined by the proximal end 526 of the preload screw, 
thence -through the : hole 534 in the catch fitting 532, to 
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the plunger base 546. The plunger base 546 extends 
proximally past the plunger sleeve 51 2 to form a plunger 
tip 550. For assembly purposes, the plunger base 546 
may be incorporated into the plunger sleeve 512, and 
the plunger stem 538 attached to the plunger base 546 
by crimping, swaging, gluing, welding, or some other 
means. 

[0032] The operation of the blood sampling system 
may be described as follows, with reference to Figures 
1 through 5. In operation, a fresh sample acquisition mod- 
ule 100 is removed from the storage cavity 108 and ad- 
justed for the desired depth setting using the multi-posi- 
tion thumbwheel 216. The sample acquisition module 
100 is then placed onto the end of the lancet driver 102. 
The preload setting may be checked, but will not change 
from cycle to cycle once the preferred setting is found; if 
necessary, the preload setting may be adjusted using 
the preload adjustment knob 1 1 2. The combined sample 
acquisition module and lancet driver assembly is then 
pressed against the user's finger (or other selected an- 
atomical feature) in a smooth motion until the preset trig- 
ger point is reached . The trigger point corresponds to the 
amount of preload force that needs to be overcome to 
actuate the driver to drive the lancet towards the skin. 
The preload screw allows the preload setting to be ad- 
justed by the user such that a consistent, preset (by the 
user) amount of preload force is applied to the sampling 
site 114 each time a lancing is performed. 
[0033] When the motion to press the assembly against 
the user's finger is begun (see Figure 5A), the plunger 
hook 548 engages catch fitting 532, holding the actuator 
spring 510 in a cocked position while the force against 
the finger builds as the driver sleeve 506 continues to 
compress the preload spring 504. Eventually (see Figure 
5B) the sloped back of the plunger hook 548 slides into 
the hole 528 in the proximal end of the preload screw 
526 and disengagesfrom the catch fitting 532. The plung- 
er sleeve 512 is free to move in a proximaldirection once 
the plunger hook 548 releases, and the plunger sleeve 
512 is accelerated by the actuator spring 510 until the 
plunger tip 550 strikes the enlarged proximal end of the 
lancet 212. Upon striking the enlarged proximal end of 
the lancet 212, the plunger tip 550 of the actuated lancet 
driver reversibly engages the enlarged proximal end of 
the lancet 21 2. This may be accomplished by mechanical 
means, e.g. a fitting attached to the plunger tip 550 that 
detachably engages a complementary fitting on the en- 
larged proximal end of the lancet 212, or the enlarged 
proximal end of the lancet 212 may be coated with an 
adhesive that adheres to the plunger tip 550 of the actu- 
ated lancet driver. Upon being engaged" by The .plunger 
tip 550, the lancet 200 slides within the lancet guide 214 
with the sharpened distal endof the Iancet210. emerging 
from the housing 202 through the sampling port 206 to 
create the incision in the user's finger. At approximately 
the point where the plunger tip 550 contacts the enlarged 
proximal end of the lancet 212, the actuator spring 510 
-is at its relaxed position, and the ptStigeiitifcSSQ: is 



traveling at its maximum velocity. During the extension 
stroke, the actuator spring 510 is being extended and is 
slowing the plunger tip 550 and lancet 200. The end of 
stroke occurs (see Figure 5C) when the enlarged proxi- 
s mal end of the lancet 212 strikes the multi-position thum- 
bwheel 21 6. The direction of movement of the lancet 200 
is reversed and the extended actuator spring then quickly 
retracts the sharpened distal end of the lancet 210 back 
through the sampling port 206. At the end of the return 
10 stroke, the lancet 200 is stripped from the plungertip 550 
by the return stop 228. The adhesive adheres to the re- 
turn stop 228 retaining the lancet in a safe position. 
[0034] As blood seeps from the wound, itfills the sam- 
pling port 206 and is drawn by capillary action into the 
*5 sample reservoir 208. In this embodiment, there is no 
reduced pressure or vacuum at the wound, i.e. the wound 
is at ambient air pressure, although embodiments which 
draw the blood sample by suction, e.g. supplied by a 
syringe or pump, may be used. The vent 226 allows the 
20 capillary action to proceed until the entire chamber is 
filled, and provides a transfer portfor analysis of the blood 
by other instrumentation. The finger is held against the 
sample acquisition module until a complete sample is 
observed in the sample reservoir. As the sample acqui- 
25 sition module 1 00 is removed from the lancet driver 1 02, 
a latch 230 that is part of the return stop 228 structure 
engages a sloped ring feature 538 inside the lancet driver 
1 02. As the lancet driver 1 02 is removed from the sample 
acquisition module 100, the latch forces the return stop 
30 228 to rotate toward the lancet 200, bending it to lock it 
in a safe position, and preventing reuse. 
[0035] As the sample acquisition module 100 is re- 
moved from the lancet driver 102, the driver sleeve 506 
is forced to slide in the driver handle body 500 by energy 
35 stored in the preload spring 504. The driver sleeve 506, 
plunger sleeve 512, and actuator spring 510 move out- 
ward together until the plunger head 544 on the plunger 
stem 538 contacts the bottom of the counterbore 520 at 
the proximal end of the preload screw 526. The preload 
*> spring 504 continues to move the driver sleeve 506 out- 
ward compressing the actuator spring 51 0 until the plung- 
er hook 548 passes through the hole 534 in the catch 
fitting 532. Eventually the two springs reach equilibrium 
and ihe plunger sleeve 512 comes to rest in a cocked 
45 position. 

[0036] After the sample acquisition module 1 00 is re- 
moved from the lancet driver 102, it may be placed in a 
separate analysis device to obtain blood chemistry read- 
ings. In a preferred embodiment, the integrated housing 

so 202 or -sample reservoi&208 of the sample acquisition 
module 1 00 contains at least one biosensor which is pow- 
ered by and/or read by the separate analysis device. In 
another embodiment, the analysis device performs an 
optical analysis of the blood sample directly through the 

55 clear plastic cover of the sample acquisition module. Al- 
ternatively, the blood sample may be transferred from 
the sample acquisition module into an analysis device 
- -for distribution to various analysis processes. - -="-"- 
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[0037] Alternate embodiments of the invention offer 
improved success rates for sampling, which reduces the 
needless sacrifice of a sample storage reservoir or an 
analysis module due to inadequate volume fill. Alternate 
embodiments allow automatic verification that sufficient 
blood has been collected before signaling the user (e.g. 
by a signal light or an audible beep) that it is okay to 
remove the skin from the sampling site. In such alternate 
embodiments, one or more additional lancet(s) (denoted 
backup lancets) and/or lancet driver(s) (denoted backup 
lancet drivers)and/or sample reservoir(s) (denoted back- 
up sample reservoirs) are present with the "primary" sam- 
ple acquisition module. In one such preferred embodi- 
ment, following detection of inadequate blood sample 
volume (e.g., by light or electronic methods), a backup 
sampling cycle is initiated automatically. The "backup 
sampling cycle" includes disconnecting the primary sam- 
ple reservoir via a simple valving system, bringing the 
backup components online, lancing of the skin, collection 
of the blood, and movement of the blood to the backup 
sample reservoir. Blood flows into the backup sample 
reservoir until the required volume is obtained. The cycle 
repeats itself, if necessary, until the correct volume is 
obtained. Only then is the sample reservoir made avail- 
able as a source of sampled blood for use in measure- 
ments or for other applications. The series of reservoirs 
and/or lancets and/or lancet drivers may easily be man- 
ufactured in the same housing and be transparent to the 
user. In one embodiment, up to three sample reservoirs 
(the primary plus two backup) are present in a single 
sample acquisition module, each connected via a capil- 
lary channel/valving system to one or more sampling 
ports. Another embodiment has four sample reservoirs 
(the primary plus three backup) present in a single sam- 
ple acquisition module, each connected via a capillary 
channel/valving system to one or more sampling ports. 
With three or four sample reservoirs, at least an 80% 
sampling success rate can be achieved for some em- 
bodiments. 

[0038] Another embodiment includes a miniaturized 
version of the lancet device. Several of the miniature lan- 
cets may be located in a single sampling site, with cor- 
responding capillary channels to transfer blood to one or 
more reservoirs. The capillary channels may optionally 
have valves for controlling flow of blood. The device may 
also include one or more sensors for detecting the pres- 
ence of Wood, e.g. to determine if a sufficient quantity of 
blood has been obtained. In such an embodiment, the 
combined blood sampling system -the disposable sam- 
pleaceuisitioamodule,- the lancet drivef^and the optional 
accessory module will have dimensions-no larger than 
about 150 mm long, 60 mm wide, and 25 mm thick. In 
other embodiments, the size of the combined blood sam- 
pling system including the disposable sample acquisition 
module, the lancet driver, and the optional accessory 
module will have dimensions no larger than about 100 
-mm -long, about 50 mm wide, -and. about. 20 mm thick, 
r. and in still other embodiments no larger than about 70 



mm long, about 30 mm wide, and about 10 mm thick. 
The size of the combined blood sampling system includ- 
ing the disposable sample acquisition module, the lancet 
driver, and the optional accessory module will generally 
5 be at least about 10 mm long, about 5 mm wide, and 
about 2 mm thick. 

[0039] In another miniature embodiment, the dimen- 
sions of the lancet driver without the accessory module 
or sample acquisition module are no larger than about 
10 80mmlong, 10mmwide, and 10 mm thick, or specifically 
no larger than about 50 mm long, 7 mm wide, and 7 mm 
thick, or even more specifically no larger than about 15 
mm long, 5 mm wide, and 3 mm thick; dimensions of the 
lancet driver without the accessory module or sample 
15 acquisition module are generally at least about 1 mm 
long, 0.1 mm wide, and 0.1 mm thick, or specifically at 
least about 2 mm long, 02 mm wide, and 0.2 mm thick, 
or more specifically at least about 4 mm long, 0.4 mm 
wide, and 0.4 mm thick. In yet another miniature embod- 
20 iment, dimensions of the miniature sample acquisition 
module without the lancet driver or accessory module 
are no larger than about 1 5 mm long, about 1 0 mm wide, 
and about 10 mm thick, or no larger than about 10 mm 
long, about 7 mm wide, and about 7 mm thick, or no larger 
25 than about 5 mm long, about 3 mm wide, and about 2 
mm thick; dimensions of the miniature sample acquisition 
module without the lancet driver or accessory module 
are generally at least about 1 mm long, 0.1 mm wide, 
and 0.1 mm thick, specifically at least about 2 mm long, 
30 0.2 mm wide, and 0.2 mm thick, or more specifically at 
least about 4 mm long, 0.4 mm wide, and 0.4 mm thick. 
■ [0040] In another embodiment, the miniaturized sam- 
ple acquisition module and the lancet driver form a single 
unit having a shared housing, and the combined sample 
35 acquisition module/lancet driver unit is disposable. Such 
a combined unit is no larger than about 80 mm long, 
about 30 mm wide, and about 10 mm thick, specifically 
no larger than about 50 mm long, about 20 mm wide, and 
about 5 mm thick, more specifically, no larger than about 
40 20 mm long, about 5 mm wide, and about 3 mm thick; 
the combined unit is generally at least about 2 mm long, 
about 0.3 mm wide, and about 0.2 mm thick, specifically 
at least about 4 mm long, 0.6 mm wide, and 0.4 mm thick, 
more specifically, at least about 8 mm long, 1 mm wide, 
45 and 0.8 mm thick. 

[0041] Although the above-described embodiments of 
the present invention have been described in detail, var- 
ious modifications to the present invention will become 
apparent to those skilled in the art from the foregoing 
50 description and accompanying drawings and will be with- 
in the scope of the-invention, which is to be limited only. 
by the following claims. 



55 claims 

1. A device for collecting blood from the skiruofcaqja- 
tient,the device comprising ~ -a? «r-- -~w-rr~- 
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a housing (1 00) having a sampling site, the sam- 
pling site defining an opening, 
a sample reservoir (208) in fluid communication 
with the opening, 

a lancet (200) maintained within the housing, 
the lancet having a lancet tip adjacent the open- 
ing, 

a lancet driver (102) operably disposed to the 
lancet to drive the lancet tip through the opening 
to lance the skin when the lancet driver is actu- 
ated, and 

a sampling port (206, 400) and a pierceable 
membrane (41 6)* the sampling port having a first 
end contiguous with the opening and a second 
end opposite the first end relatively nearer to the 
lancet tip than the first end, the pierceable mem- 
brane being adjacent to the secondend between 
the lancet tip and the opening, 
the device being configured to allow actuation 
of the lancet driver, lancing of the skin, collection 
of the blood, and movement of the blood to the 
sample reservoir to be integrated, that is without 
intervention by the user, 
the device further being configured to allow the 
blood to be collected seamlessly, that is without 
substantial contamination from ambient air. 

2. The device of claim 1, wherein the sampling site is 
adapted to conform to the skin of the patient to form 
a substantially airtight seal at the opening when the 
skin is firmly pressed against the sampling site. 

3. The device of claim 1 or claim 2, wherein the mem- 
brane is resealable. 

4: The device of any one of claims 1 to 3, wherein the 
sampling port has a surface, wherein at least a por- 
tion of the sampling port surface is hydrophilic. 

5. The device of any one of claims 1 to 3, wherein the 
membrane has a surface, wherein at least a portion 
of the membrane surface is hydrophobic. 

6. The device of any one.of the preceding claims, fur- 
ther comprising at least one capillary channel in fluid 
communication with the opening and the sample res- 
ervoir, the capillary channeltiaving a surface, atleast 
a portion of the capillary channel surface being hy- 
drophilic. 

7. The device of claim 6, having at least-two-capiHary 
channels (408,414); wherein at least on&of the cap- 
illary channels is a primary capillary channel (408). 
and at least one of the capillary channels is a sup- 
plemental capillary channel (412), each- capillary 
channel having a cross-sectional area, wherein the 
cross-sectionaLarea of the at least one primary cap; 
illary channel is at least twice the icross sectional 



area of the at least one supplemental capillary chan- 
nel. 

8. The device of daim 6, wherein the sample reservoir 
5 comprises a chamber (300) in fluid communication 

with the opening, the chamber having a perimeter, 
and a flexible diaphragm (310) attached to the pe- 
rimeter of the chamber, the flexible diaphragm ca- 
pable of moving within the chamber under the influ- 
to ence of a pressure source, said movement of the 
diaphragm serving to facilitate transport of the blood 
through the at least one capillary channel. 

9. The device of any one of the preceding claims, 
15 wherein the device further comprises testing means 

in fluid communication with the opening. 

10. The device of any one of the preceding claims, fur- 
ther comprising a depth selector in operable relation 

20 to the lancet and a preload adjustment means in op- 
erable relation to the lancet driver. . 

11. The device of any one of the preceding claims, 
wherein the device has dimensions smaller than 

25 about 80 mm by 30 mm by 1 0 mm. 

12. The device of any one of the preceding claims, fur- 
ther comprising a backup lancet operably disposed 
to the sampling site. 

30 

13. The device of any one of claims 1 to 12, further com- 
prising a backup lancet having a backup lancet tip, 
the backup lancet maintained within the housing, the 
sampling site defining a backup opening adjacent 

35 the backup lancet tip, the backup opening in fluid 
communication with the sample reservoir. 

14. The device of any one of the preceding claims, fur- 
ther comprising a backup reservoir in fluid commu- 

"0 nication with the sampling site. 

1 5. The device of any one of claims 1 to 12, further com- 
prising a backup lancet haying a backup lancet tip, 
the backup lancet maintained within the housing, the 

45 sampling site defining a backup opening adjacent 
the backup lancet tip, the sample acquisition module 
further comprising a backup reservoir in fluid com- 
munication with the backup opening. 

so 16. The device of any. one of sthe preceding claims, 
wherein the device includes a sample acquisition 
module that comprises the housing, the lancet main- 
tained within the housing, the sample reservoir in 
fluid communication with the opening, the sample 

55 acquisition module and an attachment site to which 
the lancet driver is attachable. 

- .. 17. The device of any one of claims 1 to 15, wherein the 
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device includes a sample acquisition module that 
comprises the housing, the lancet maintained within 
the housing, the sample reservoir in fluid communi- 
cation with the opening, the sample acquisition mod- 
ule and further comprises the lancet driver within the 
housing. 



Patentanspriiche 

1. Vorrichtung zum Sammeln von Blut aus der Haut 
eines Patienten, wobei die Vorrichtung folgendes 
aufweist: 

ein Gehause (100) mit einer Probenentnahme- 
stelle, wobei die eine Offnung bestimmt, 
ein Probenreservoir (208) in Fluidverbindung 
mit der Offnung, 

eine innerhalb des Gehauses gehaltene Lanzet- 
te (200), die eine Lanzettenspitze neben der Off- 
nung hat, 

einen Lanzettenantrieb (102), der funktionsfa- 
hig an der Lanzette angeordnet ist, urn die Lan- 
zettenspitze durch die Offnung hindurch anzu- 
treiben, so daB sie die Haut aufsticht, wenn der 
Lanzettenantrieb betatigt wird, und 
einen ProbenentnahmeanschluB (206, 400) 
und eine durchstechbare Membran (416), 

wobei der ProbenentnahmeanschluB ein erstes En- 
de; welches an die Offnung angrenzt, und ein zwei- 
tes Eride gegenOber dem ersten Ende hat, welches 
relativ riaher bei der Lanzettenspitze liegt als das 
erste Ende, wobei die durchstechbare Membran zwi- 
schen der Lanzettenspitze und der Offnung zu dem 
zweiten Ende benachbart ist, 
wobei die Vorrichtung so ausgelegt ist, daB sie eine 
Betatigung des Lanzettenantriebs, das Aufstechen 
der Haut, das Sammeln des Blutes und das Befor- 
dern des Blutes in das Probenreservoir ermoglicht, 
was integriert ablaufen soil, d.h. ohne Eingreifen des 
Benutzers, 

wobei die Vorrichtung femer so ausgelegt ist, daB 
sie ein Gbergangsloses Sammeln des Blutes, d.h. 
ohne wesentliche Kontaminierung durch Umge- 
bungsluft, ermSglicht. 

2. Vorrichtung nach Anspruch 1 , wobei die Probenent- 
nahmestelle so ausgestaltet ist, daB sie sich an die 
Haut- des Patienten anpaSt und so eine im wesent- 
lichen luftdichte Abdichtung an der Offnung bildet, 
wenn die Hautfest gegen die Probenentnahmestelle 

- gedrOckt wird. 

3. Vorrichtung nach Anspruch 1 oder Anspruch 2, wo- 
bei die Membran wiederverschlieBbar ist 

4; Vorrichtung nach einem der AnsprOche tbis^, wo- 



bei der ProbenentnahmeanschluB eine Oberflache 
hat, wobei wenigstens ein Abschnitt der Oberflache 
des Probenentnahmeanschlusses hydrophil ist. 

5 5. Vorrichtung nach einem der AnsprOche 1 bis 3, wo- 
bei die Membran eine Oberflache hat, 
wobei wenigstens ein Abschnitt der Membranober- 
flache hydrophob ist. 

k> 6. Vorrichtung nach einem der vorangegangenen An- 
sprOche, welche femer wenigstens einen Kapillar- 
kanal aufweist, der in Fluidverbindung mit der Off- 
nung und dem Probenreservoir steht und eine Ober- 
flache hat, wobei wenigstens ein Abschnitt der Ka- 

is pillarkanaloberflache hydrophil ist. 

7. Vorrichtung nach Anspruch 6 mit wenigstens zwei 
Kapillarkanalen (408, 414), wobei wenigstens einer 
der Kapillarkanale ein erster Kapillarkanal (408) ist 

20 und wenigstens einer der Kapillarkanale ein zusatz- 
licher Kapillarkanal (412) ist, wobei jeder Kapillarka- 
nal eine Querschnittsflache hat, wobei die Quer- 
schnittsflache des wenigstens einen ersten Kapillar- 
kanals wenigstens das Doppelte der Querschnitts- 
25 flache des wenigstens einen zusatzlichen Kapillar- 
kanals betragt. 

8. Vorrichtung nach Anspruch 6, wobei das Probenre- 
servoir eine Kammer (300) umfaBt, die in Fluidver- 

30 bindung mit der Offnung steht, wobei die Kammer 
einen Umfang und eine an dem Umfang der Kammer 
angebrachte flexible Membran (310) aufweist, die 
sich innerhalb der Kammer unter dem EinfluB einer 
Druckquelle bewegen kann, wobei die Bewegung 
35 der Membran dazu dient, den Transport des Blutes 
durch den wenigstens einen Kapillarkanal zu verein- 
fachen. 

9. Vorrichtung nach einem der vorangegangenen An- 
40 • sprOche, wobei die Vorrichtung ferner eine Testein- 

richtung aufweist, die in Fluidverbindung mit der Off- 
nung steht. 

10. Vorrichtung nach einem. der vorangegangenen An-- 
45 sprOche, welche femereinen Tiefenselektor in funk- 

tionsfahiger Verbindung mit der Lanzette und eine 
Einrichtung zum Einstellen der Vorbelastung in funk- 
tionsfahiger Verbindung mit dem Lanzettenantrieb 
aufweist. 

so ". ....... 

11. Vorrichtung nach - einem-der vorangegangenen -An- 
sprOche, wobei die Vorrichtung Abmessungen von 
kleiner als etwa 80 mm mal 30 mm mal 10 mm hat: 

55 12. Vorrichtung nach einem-der vorangegangenen An- 
sprOche, welche femer eine Ersatzlanzette aufweist, 
die funktionsfahig an der Probenentnahmestelle an- 
geordnet ist. - ' _ ' 
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1 3. Vorrichtung nach einem der Ansprflche 1 bis 1 2, wel- 
che femer eine Ersatzlanzette mit einer Ersatzlan- 
zettenspitze aufweist, wobei die Ersatzlanzette in- 
nerhalb des Gehauses gehalten ist, die Probenent- 
nahmestelle eine Ersatzoffnung neben der Ersatz- s 
lanzettenspitze bestimmt und die Ersatzoffnung in 
Fluidverbindung mit dem Probenreservoir steht. 

14. Vorrichtung nach einem der vorangegangenen An- 
sprQche, welche femer ein Ersatzreservoir in Fluid- 10 
verbindung mit der Probenentnahmestelle aufweist. 

1 5. Vom'chtung nach einem der Ansprtiche 1 bis 1 2, wel- 
che femer eine Ersatzlanzette mit einer Ersatzlan- 
zettenspitze aufweist, wobei die Ersatzlanzette in- is 
nerhalb des GehSuses gehalten ist die Probenent- 
nahmestelle eine ErsatzSffnung neben der Ersatz- 
lanzettenspitze bestimmt und das Probenaufnah- 
memodul femer ein Ersatzreservoir in Fluidverbin- 
dung mit der Ersatzoffnung aufweist. 20 

2. 

16. Vorrichtung nach einem der vorangegangenen An- 
sprOche, wobei die Vorrichtung ein Probenerfas- 
sungsmodul aufweist, welches das Gehause, die in- 
nerhalb des Gehauses gehaltene Lanzette, das Pro- 25 
benreservoirin Fluidverbindung mitderOffnung, das 
Probenerfassungsmodul und eine Anbringungsstel- 

le, an welcher der Lanzettenantrieb anbringbar ist, 3. 
aufweist. 

30 

1 7. Vorrichtung nach einem der Ansprtiche 1 bis 1 5, wo- 4. 
bei die Vorrichtung ein Probenerfassungsmodul auf- 
weist, welches das Gehause, die innerhalb des Ge- 
hauses gehaltene Lanzette, das Probenreservoir in 
Fluidverbindung mit der Offnung und das Probener- 35 
fassungsmodul aufweist und ferner den Lanzetten- 5. 
antrieb innerhalb des Gehauses aufweist. 



Revendications 40 

6. 

1 . Dispositif de recueil de sang de la peau d'un patient, 
le dispositif comprenant 

un logement (100) ayant un site d'echantillon- 45 
nage, le site d'echantillonnage definissant une 
ouverture, 

un reservoir d'echantillon (208) en communica- 7. 
tion de fiuide avec I'ouverture, 
une lancette (200) maintenue dans le logement, so 
la lancette ayant une pointe de lancette adja- 
cente a I'ouverture, 

un dispositif d'entraTnementde la lancette (102) 
dispose fonctionnellement sur la lancette pour 
entraTner la pointe de lancette dans I'ouverture ss 
pour perforer la peau lorsque le dispositif d'en- 
tratnement de la lancette est actionne, et 
~ un orifice d'echantillonnage (204,-400) et une 8. 



membrane percable (416), I'orifice d'echan- 
tillonnage ayant une premiere extremite conti- 
gue a i'ouverture et une deuxieme extremite op- 
posee a ia premiere extremite relativementplus 
proche de la pointe de la lancette que a la pre- 
miere extremite, la membrane percable etant 
adjacente a la deuxieme extremite, entre la poin- 
te de la lancette et I'ouverture, 
le dispositif etant configure de facon a permettre 
I'actionnement du dispositif d'entraTnement de 
la lancette, la performation de la peau, le recueil 
du sang et le deplacement du sang jusqu'au re- 
servoird'echantillon dans lequel le sang doitetre 
integre, c'est-a-dire sans intervention de I'utili- 
sateur, 

le dispositif etant en outre configure de facon a 
permettre le recueil du sang de facon continue, 
c'est-a-dire sans contamination substantielle 
par I'air ambiant. 

Dispositif selon la revendication 1 , dans lequel le site 
d'echantillonnage est adapte pour se conformer a la 
peau du patient pour former un joint essentiellement 
permeable a I'air au niveau de I'ouverture lorsque la 
peau est appuyee fermement contre le site d'echan- 
tillonnage. 

Dispositif selon la revendication 1 ou la revendication 
2, dans lequel la membrane est refenmable. 

Dispositif selon I'une quelconque des revendications 
1 a 3, dans lequel I'orifice d'echantillonnage a une 
surface, au moins une partie de la surface de I'orifice 
d'echantillonnage etant hydrophile. 

Dispositif selon I'une quelconque des revendications 
1 a 3, dans lequel la membrane a une surface, au 
moins une partie de la surface de membrane etant 
hydrophobe. 

Dispositif selon I'une quelconque des revendications 
precedentes, comprenant en outre au moins un ca- 
nal capillaire en communication de fiuide avec 
rouverture_eUe reservoir d'echantillon, le canal ca- 
pillaire ayant une surface, au moins une.partie de la 
surface du canal capillaire etant hydrophile. 

Dispositif selon la revendication 6, ayant au moins 
deux canaux capillaires (408, 414), au moins I'un 
des canaux capillaires etant un canal capillaire pri- 
maire-(408)'.et^au moins Pun des canauxicapillaires 
etant un canal capiltaire supplemental (41-2), cha- 
que canal capillaire ayant une section, la section d'au 
moins un canal capillaire primaire correspondant a 
au moins deux fois la section d'au moins un canal 
capillaire supplemental. 

Dispositif selon la revendication 6,.dans lequel le re-_-. 
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servoir d'echantillon comprend une chambre (300) 
en communication de fluide avec I'ouverture, la 
chambre ayant un perimetre et un diaphragme flexi- 
ble (310) fixe au perimetre de la chambre, le 
diaphragme flexible etant capable de se deplacer 
dans la chambre sous I'effet d'une source de pres- 
sion, ledit deplacement du diaphragme servant a fa- 
ciliter le transport du sang dans au moins un canal 
capillaire. 

9. Dispositif selon I'une quelconque des revendications 
precedentes, le dispositif comprenant en outre un 
moyen de test en communication de fluide avec 
I'ouverture. 

1 0. Dispositif selon I'une quelconque des revendications 
precedentes, comprenant en outre un selecteur de 
profondeur en relation fonctionnelle avec ia lancette 
et un moyen d'ajustement de precharge en relation 
fonctionnelle avec le dispositif d'entraTnement de la 
lancette. 

11. Dispositif selon I'une quelconque des revendications 
precedentes, le dispositif ayant des dimensions in- 
ferieures a environ 80 mm par 30 mm par 10 mm. 

12. Dispositif selon I'une quelconque des revendications 
precedentes, comprenant en outre une lancette 
auxiliaire disposee fonctionnellement sur le site 
d'echantillonnage. 

13. Dispositif selon I'une quelconque des revendications 
1 a 12, comprenant en outre une lancette auxiliaire 
ayant une pointe de lancette auxiliaire, la lancette 
auxiliaire etant maintenue dans le logement, le site 
d'echantillonnage definissantune ouverture auxiliai- 
re adjacente a la pointe de lancette auxiliaire, I'ouver- 
ture auxiliaire etant en communication de fluide avec 
le reservoir d'echantillon. 

14. Dispositif selon I'une quelconque des revendications 
precedentes, comprenant en outre un reservoir auxi- 
liaire en communication de fluide avec le site 

. d'echantillonnage. - - - - 

15. Dispositif selon I'une quelconque des revendications 
1 a 12, comprenant en outre une lancette auxiliaire 
ayant une pointe de lancette auxiliaire, la lancette 
auxiliaire etant maintenue dans le logement, le site 
^echaRtUonnage definissantune ouverture auxiliai- 

■ r'iteadjaceHte-a lapointede lan c ette auxiliaire, le mo- 
dule d'acquisition de I'echantjllon comprenant en 
... outre urrreservoirauxiliaire en communication de 
" fluide avec I'ouverture auxiliaire. 

16. Dispositif selon I'une quelconque des revendications 
precedentes, dans lequel le dispositif comprend un 



logement, la lancette etant maintenue dans le loge- 
ment, le reservoir d'echantillon en communication 
de fluide avec I'ouverture, le module d'acquisition de 
I'echantillon et un site de fixation auquel le dispositif 
5 d'entraTnement de la lancette peut etre fixe. 

1 7. Dispositif selon I'une quelconque des revendications 
1 a 15, le dispositif comprenant un module d'acqui- 
sition d'echantillon qui comprend le logement, la lan- 
10 cette maintenue dans le reservoir, le reservoir 
d'echantillon en communication de fluide avec 
I'ouverture, le module d'acquisition d'echantillon et 
comprenant en outre le dispositif d'entraTnement de 
la lancette dans le logement. 
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